Abstract The purpose of this study was to evaluate noncontrast magnetic resonance imaging (MRI) findings of adhesive capsulitis and correlate them with clinical stages of adhesive capsulitis. This will hopefully define a role for shoulder MR imaging in the diagnosis of adhesive capsulitis as well as in potentially directing appropriate treatment. Forty-seven consecutive non-contrast magnetic resonance imaging examinations of 46 patients with a clinical diagnosis of adhesive capsulitis were retrospectively reviewed and correlated with clinical staging. Specific MRI criteria correlated with the clinical stage of adhesive capsulitis, including the thickness and signal intensity of the joint capsule and synovium as well as the presence and severity of scarring in the rotator interval. Routine MRI of the shoulder without intraarticular administration of gadolinium can be used to diagnose all stages of adhesive capsulitis, including stage 1, where findings may be subtle on clinical examination. We believe that future studies assessing the role of MRI in guiding the initiation of appropriate treatment should be undertaken.
Introduction
Primary adhesive capsulitis (AC) is a clinical condition of progressive shoulder pain and decreased passive and active range of motion [1] [2] [3] . Four stages of the disease were initially described by Neviaser and subsequently modified using arthroscopic criteria [3] [4] [5] . These publications underscored the importance of appropriate clinical staging in the determination of optimum treatment [3] [4] [5] .
The determination of the stage of adhesive capsulitis has traditionally been made utilizing clinical criteria, described in detail by Neviaser [6] (Table 1 ). This approach is effective in the hands of a skilled orthopedic surgeon or musculoskeletal physician. However, many patients with adhesive capsulitis are treated by their primary care physicians, and in this circumstance, magnetic resonance imaging (MRI) is used as an adjunct to clinical diagnosis. The clinical presentation of adhesive capsulitis can mimic other conditions such as calcific tendinitis, early glenohumeral joint arthrosis, or subacromial impingement. In the case of secondary AC, the diagnosis can be obscured by the primary disease. Diagnostic imaging studies can aid in defining the status of the capsule with regards to its structural integrity and MRI signal characteristics, the latter of which reflect their histopathologic state [7] .
The imaging findings of adhesive capsulitis have been described and have traditionally been limited to conventional arthrography. The arthrographic criteria of adhesive capsulitis include the following: limited injectable fluid capacity of the glenohumeral joint (7-10cc), a small dependent axillary fold, and irregularity of the anterior capsular insertion at the anatomic neck of the humerus [8, 9] . More recently, MRI features helpful in the diagnosis of AC have been described in the literature, with relatively disappointing overall specificity for the disease [10] [11] [12] [13] . Most of these reports have included MRI images obtained with either indirect (intravenous) or direct (intraarticular) arthrography [14] [15] [16] .
To our knowledge, specific non-contrast MRI findings that correspond to the clinical stage of AC have not been established and reported in the literature. The primary aim of this retrospective review of patients was to determine if the MRI findings indicative of AC could be correlated to their clinical function and stage of disease. In addition, we aimed to assess the ability of MRI to detect the morphology of the synovium and capsule in early stages of AC.
Materials and methods
This protocol was approved by our Institutional Review Board. All patients at our institution between 1992 and 2005 who were evaluated by the orthopedic surgery department with either the presumptive clinical diagnosis of AC or MRI findings suggestive of adhesive capsulitis were eligible for this study. Patients with MRIs and detailed clinical information that permitted determination of stage were included. Of the 46 patients included in this study (47 exams, one patient underwent bilateral studies), there were 33 women and 13 men. Subjects' age ranged from 32 to 74years, with a mean age of 53.
The MRI examinations were read by two experienced musculoskeletal radiologists who were blinded to the patient's clinical stage of adhesive capsulitis The specific MRI findings evaluated included those previously reported in the MR arthrography as well as the orthopedic literature as diagnostic of adhesive capsulitis such as scarring in the rotator interval, synovitis, and capsular thickening [16, 17] . Moreover, the morphology of the anterior capsule was specifically studied, including its thickness and signal intensity. The shoulder MR exams were performed in the setting of routine clinical care; thus the contralateral shoulder was not imaged as a control. Normal reference ranges, however, for asymptomatic joint capsule and synovial thickness, have been previously determined to be 2.9mm or less [11] . Signal intensity was judged in reference to the normal anterior capsule, which is intermediate in signal intensity on proton density fast spin-echo images. Combined capsular and synovial thickness was measured at the level of the mid-axillary pouch on three consecutive non-contrast fast spin-echo proton density oblique coronal images on a GE Advantage Workstation (Milwaukee, WI, USA) utilizing digital calipers as the synovial and capsular contributions to total thickness could not be separately measured. Measurements were averaged for the final value used for data analysis. Scarring in the rotator interval was graded subjectively as mild, moderate, or severe. Signal intensity of the capsule was graded as hypointense, hyperintense, or isointense relative to normal low signal intensity capsule.
MRI examinations were performed on a 1. The clinical assessment and staging of adhesive capsulitis have been described (see Table 1 ). In stage 1, the patient has had symptoms for approximately 1 to 3months. There is usually pain with active and passive motion; however, motion can be normal or nearly normal. Arthroscopic and histologic examination reveals a hypertrophic, hypervascular synovitis with a normal underlying capsule. In stage 2, patients report symptoms for a longer time, generally 3 to 9months. There is chronic pain with active and passive motion and significant limitations in forward flexion, abduction, internal rotation, and external rotation. Arthroscopic inspection and pathologic examination demonstrate both a considerable inflammatory component and a component of fibrosis with a hypertrophic, hypervascular glenohumeral joint synovitis, perivascular scar formation, and significant capsular thickening and scar [2] . In stage 3, the patient has had symptoms for 9 to 15months and has minimal pain except at the end ranges of motion. There is significant loss of motion with a solid endpoint. Arthroscopic and histologic evaluations demonstrate atrophic synovitis and dense capsular scar. Stage 4 is the final stage; the patient has had symptoms for 15 to 24months, has minimal pain, and experiences progressive improvement in motion. The clinical diagnosis of stage 1 was present in eight subjects; stage 2 in 23 subjects; stage 3 in eight subjects; and stage 4 in eight subjects. Descriptive analysis consisted of means, standard deviations, and ranges for continuous data and frequencies and percentages for discrete data. Inferential analysis consisted of a one-way ANOVA model for comparison of disease stage with pouch size in millimeter. A post hoc test comparing each disease stage was calculated using a Dunnett T3 comparison because the standard deviations were not equivalent. Comparisons of discrete measures across stage categories were performed using a Fisher's exact test due to sparse cell sizes. A critical p value of 0.05 was used for all hypothesis tests. All analyses were performed using SPSS for Windows 13.0 (Chicago, IL, USA) and The SAS System 9.1 (Cary, NC, USA).
Results
Thickening of the axillary pouch ranged from 2 to 13mm, with an average of 7mm. All subjects demonstrated scarring of the rotator interval, including 16 subjects with mild, 26 with moderate, and five with severe. Analysis of signal intensity of the capsule included five subjects with isointensity, 13 with hypointensity, and 29 with hyperintensity relative to the normal signal of shoulder capsule.
Capsular and synovial thickening as measured in the axillary pouch correlated with clinical stage of AC with a mean axillary pouch thickness (7.5mm) for stage 2 as compared to stage 1 (4.1mm), stage 3 (5.5mm), and stage 4 (4.1mm; p < 0.05]. Values for stages 1, 3, and 4 when compared to each other were not statistically significant. Evaluation of capsular signal was significant (p = 0.02), with hyperintense signal correlating with stage 2. Although all subjects demonstrated scarring in the rotator interval, the degree of scarring was not statistically significant between patient groups.
Discussion
AC is a clinical condition of progressive pain and decreased range of motion of the glenohumeral joint [6] . Primary AC is an idiopathic condition characterized by the insidious onset of symptoms, most commonly seen in women over 40years, generally without an antecedent inciting event or medical/surgical condition, although diabetes mellitus and hypothyroidism are risk factors for primary AC. Secondary causes of AC include history of severe trauma and prior surgery [2] .
Although the exact etiology of AC is controversial, this disease is thought to be a cytokine-mediated synovial inflammation with subsequent capsular fibrosis [18] . The initial stages of AC have a predominance of pain, with gradually increasing joint stiffness brought on by ongoing synovial inflammation and capsular fibrosis. In the later stages, as the inflammatory phase subsides, capsular fibrosis is at its peak [18, 19] (see Table 1 ). AC has been described as self-limiting, but complete resolution may take up to 2years. Treatment options for AC have included but are not limited to physical therapy, corticosteroid injections, closed manipulations, and capsular release [2, 20] . The suggested treatment protocol for AC is dependent on the clinical stage; therefore, correct diagnosis of AC as well as correct identification of the stage of AC may affect treatment and ultimately shorten the clinical course [2, 19, 20] . The goal of the treatment of patients with stage 1 adhesive capsulitis is to essentially perform a "chemical synovectomy" and interrupt the inflammatory cycle, which can be accomplished with an intraarticular corticosteroid injection. One can then institute rehabilitation exercises focusing on range of motion (ROM) more effectively. The treatment of patients in stage 2 is primarily corticosteroid injection and physical therapy, with recalcitrant cases necessitating arthroscopic capsular release and manipulation.
While assigning stages to adhesive capsulitis is traditionally made on clinical grounds, we speculate that imaging-based staging may assist in determination of potential response to treatment. In addition, we propose that signal abnormalities in the capsule diagnosed noninvasively by MRI correlate with the histopathology. Distinguishing between stage 1 and stage 2 on clinical grounds, for example, is often based on patient response to a single intraarticular corticosteroid/local anesthetic injection. We propose that the degree of capsular thickening and hyperintensity on MRI corresponds to the hypertrophic, hypervascular synovitis and inflammatory changes seen in cases of stages 1 and 2.
The use of magnetic resonance imaging to diagnose adhesive capsulitis has previously been described. Connell et al. described a series of 24 patients, all of whom underwent arthroscopic capsulotomy [10] . All patients were evaluated with indirect MRI arthrography. These authors found soft tissue intensity demonstrating variable postcontrast enhancement in the rotator interval as well as partially encasing the biceps anchor as useful imaging findings suggestive of adhesive capsulitis. All MRI images in that series were obtained after the administration of intravenous gadolinium and findings were not correlated with the clinical stages of adhesive capsulitis. Of note, all patients went on to subsequent surgical intervention.
Some authors have found post-contrast enhancement of the joint capsule and synovial membrane in the rotator interval helpful in diagnosing adhesive capsulitis [15, 21] . In contrast, other authors have found intraarticular gadolinium administration not to be useful in diagnosing adhesive capsulitis [11] . Manton et al. found no significant difference in a series of 28 patients between capsular and synovial thickness, intraarticular fluid volume, and irregularities of the capsule with MRI arthrography between symptomatic and asymptomatic groups [12] .
In our series, we used similar criteria to Emig et al., including capsular and synovial thickness, thickness of the coracohumeral ligament, and volume of intraarticular fluid [11] . Emig et al. found a correlation between joint capsule and synovium thickness greater than 4mm and clinical diagnosis of adhesive capsulitis; however, these authors did not correlate their MRI findings to clinical stage [11] .
We speculate that the presence of increased signal intensity of the joint capsule and synovium in patients with stage 2 AC in our series likely reflects the active synovial and capsular response in this stage of the disease. The signal characteristics of collagen correlate with the degree of cellularity at histologic inspection, with areas of low cellularity and dense collagen being lower signal intensity on all pulse sequences [22, 23] . The appearance of indolent fibrosis and scarring on MRI has been described as being low signal intensity on all pulse sequences, with areas of hypercellularity and increased free water resulting in higher signal intensity [24] . Histologic studies have confirmed the presence of neovascularization and disruption of the normal collagen architecture in cases of lateral epicondylitis, correlating to areas of increased signal intensity on MRI examinations [7] . We propose that the high signal intensity seen in the glenohumeral joint capsule, specifically in stage 2, may reflect the hypervascular synovitis seen at histopathology.
In conclusion, adhesive capsulitis is a syndrome of shoulder pain and limited range of motion, the cause of which may be idiopathic or secondary to a variety of clinical conditions. Early diagnosis and establishment of clinical stage is important in the prompt and effective treatment of this disorder. MRI of the shoulder is an effective and noninvasive means of diagnosing suspecting cases and also provides information that may assist the clinician in differentiating between the early and late stages. Capsule and synovial thickness, as measured in the axillary pouch, demonstrates the greatest correlation with clinical stage of adhesive capsulitis. Earlier, more hypervascular stages exhibit greater combined synovial and capsular thickening, while later more fibrotic stages demonstrate only capsular thickening. Hyperintensity of capsular signal was most closely associated with stage 2 disease. Rotator interval scarring is a non-specific signs of AC and was not found to correlate with clinical stage.
